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1
METHOD AND APPARATUS FOR IMAGE
PROCESSING AND COMPUTER READABLE
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION TECHNICAL FIELD

The present application is based on, and claims priority
from, Taiwan Patent Application No. 102145947, filed Dec.
12, 2013, the disclosure of which is hereby incorporated by
reference herein in its entirety.

TECHNICAL FIELD

The technical field generally relates to a method and appa-
ratus for image processing and computer readable medium.

BACKGROUND

One of key factors impacting the video streaming quality is
the bandwidth of the transmission network. When the video
streaming is transmitted through the network, a compression
method with a lower bit rate is often applied in the limited
bandwidth situation, which results in low quality in recon-
structed video images. The reasons include, but not limited to,
blocking effect images caused during reconstruction, video
noise images or raindrop images. Block-based codec is also
widely applied to image compression, such as, JPEG, MPEG
and H.264. Recently, the sparse representation is used for
image reconstruction to improve the reconstructed image
quality.

The sparse representation is widely used in image process-
ing, such as, reducing blocking effect, filtering noise or elimi-
nating raindrops. The sparse representation technique pre-
pares a large a large amount of reference images to construct
arepresentative image feature dictionary in advance, and uses
a large number of complex matrix computations to recon-
struct the image feature dictionary, which is used to recovery
the defect images. The sparse representation requires suffi-
cient memory to store the large amount of reference images
and also requires sufficient computation power to execute the
large amount of complex matrix computations.

The sparse representation using a single reference image
does not require preparing a large amount of reference
images, and may perform dictionary learning by capturing a
meaningful part of a self image. For example, there exists a
technique to capture gradient information in different orien-
tations in a single image and use a histogram of oriented
gradients (HOG) features to decompose the single image into
a raindrop part and a non-raindrop part to perform the dictio-
nary learning according to orientation. The subsequent recov-
ery or reconstruction uses the non-raindrop part dictionary to
eliminate the raindrops from the image. Another technique is
to divide the HOG features of the reference image into a
horizontal part and a vertical part for performing the dictio-
nary learning and for eliminate the image blocking effect.

In the above known image reconstruction or recovery tech-
niques, some techniques collect in advance a large amount of
natural images to construct image feature dictionary and use
the image feature dictionary to recovery defect images. These
techniques are difficult to adapt to different image scenes.
Some other techniques avoid collecting large amount of ref-
erence images, but each image is recaptured and trained for an
image dictionary in a dynamic video. Therefore, an effective
approach to reduce image blocking effect and require a small
amount of reference memory to obtain good image quality is
an important research topic.
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SUMMARY

The embodiments of the present disclosure provide a
method and apparatus for imaging processing and computer
readable medium.

An exemplary embodiment relates to an image processing
method, comprising: selecting at least one image from a
plurality of images, and storing the plurality of images into a
buffer, until a storage space of the buffer reaching a criterion;
and when the storage space of the buffer reaching the crite-
rion, a procedure of image processing being performed for a
plurality of temporary images in the buffer, which including
constructing an image dictionary according to the at least an
image selected, and performing an image recovery and recon-
struction procedure for the plurality of temporary images in
the buffer according to the image dictionary, thereby obtain-
ing a plurality of reconstructed images.

Another embodiment relates to a computer readable
medium, comprising a plurality of instructions; wherein the
plurality of instructions are executed for performing the said
image processing method.

Yet another embodiment relates to an image processing
apparatus, comprising an image dictionary construction mod-
ule, an image recovery and reconstruction module and a
memory. The image dictionary construction module selects at
least an image from a plurality of images and stores the
plurality of images into a buffer, until a storage space of the
buffer reaches a criterion. Then, for a plurality of temporary
images stored in the buffer, at least a temporary image match-
ing an image similarity condition is decomposed into at least
a high frequency image and a low frequency image, and a
statistic of a features distribution of the at least a high fre-
quency image is computed to construct an image dictionary.
The image recovery and reconstruction module performs a
recovery on a plurality of high frequency images in the plu-
rality of temporary images in the buffer according to the
image dictionary, and combines a plurality of recovered high
frequency images, and a plurality of low frequency images
obtained from the plurality of temporary images, thereby
obtaining a plurality of reconstructed images.

The foregoing will become better understood from a care-
ful reading of a detailed description provided herein below
with appropriate reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a schematic view of the collaboration of an
image processing method and a buffer, in accordance with an
exemplary embodiment.

FIG. 2 shows the computation of difference among a plu-
rality of images, in accordance with an embodiment.

FIG. 3 shows an operation flow of constructing an image
dictionary based on image groups, in accordance with an
exemplary embodiment.

FIGS. 4A-4C show a schematic view of computing a sta-
tistics of image features, in accordance with an exemplary
embodiment.

FIG. 5 shows an operation flow of reconstructing an image
using an image dictionary, in accordance with an exemplary
embodiment.

FIG. 6 shows a schematic view of performing a multipli-
cation on an image feature dictionary D, . and non-zero
coefficients of sparse vectors to obtain a recovered image
block, in accordance with an exemplary embodiment.

FIG. 7 shows an image processing apparatus, in accor-
dance with an exemplary embodiment.
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FIGS. 8A-8C show schematic views of processing and
reconstructing partial license tag in a surveillance video, in
accordance with an exemplary embodiment.

DETAILED DESCRIPTION OF THE DISCLOSED
EMBODIMENTS

Below, exemplary embodiments will be described in detail
with reference to accompanying drawings so as to be easily
realized by a person having ordinary knowledge in the art.
The inventive concept may be embodied in various forms
without being limited to the exemplary embodiments set forth
herein. Descriptions of well-known parts are omitted for clar-
ity, and like reference numerals refer to like elements
throughout.

According to the exemplary embodiments of the present
disclosure, an image processing technique is provided, which
uses a learning mechanism of dynamically adjusted image
dictionary to select a plurality of representative images and
decomposes stored temporary images matching a similarity
condition into high frequency images and low frequency
images. A statistics of the feature distribution of the high
frequency images is computed and the feature blocks are used
to construct an image dictionary. The image dictionary being
trained is then used to perform a recovery on the high fre-
quency images of recovered images and the high frequency
images recovered and the low frequency images are added to
obtain processed images. In the present disclosure, the peak
signal-to-noise (PSNR) of the image signals and the struc-
tural similarity (SSIM) are used as the quantitative index for
video quality to measure and verify the exemplary embodi-
ments of the present disclosure. The higher the PSNR is, the
lower the video quality distortion is. The SSIM ranges
between 0 and 1. A higher SSIM means closer to the original
image.

FIG. 1 shows a schematic view of the collaboration of an
image processing method and a buffer, in accordance with an
exemplary embodiment. Referring to FI1G. 1, atleast an image
is selected from a plurality of inputted images 110 (shown as
a selection 120) and the plurality of inputted images is stored
into a buffer 130 until a storage space in the bufter 130 reaches
a criterion. When the storage space of the buffer 130 reaches
a criterion, a video processing procedure 140 is performed on
a plurality of temporary images stored in the buffer 130,
including constructing an image dictionary according to the
at least an image selected (step 142), and performing an
image recovery and reconstruction procedure for the plurality
of temporary images stored in the buffer 130 according to the
image dictionary (step 144), thereby obtaining a plurality of
reconstructed images 146.

According to the exemplary embodiments of the present
disclosure, after completing the image recovery and recon-
struction procedure, the image processing method may clean
up the buffer 130. The capacity (storage size) of the buffer 130
is adjustable. For example, the capacity of the buffer 130 may
be adjusted according to the features of the plurality of input-
ted images 110, actual application scenario, or actual appli-
cation requirements. The criterion which the buffer reaches
may be, but not limited to, when the bufter 130 is near full.

In other words, the image processing method is an image
reconstruction method based on the sparse representation,
self-adaptive, and able to dynamically use a neighboring
group of pictures (GOP) as an input to the training image
dictionary. The neighboring GOP may include a large portion
of repetitive or highly similar partial images. Therefore, the
exemplary embodiments may make a selection 120 in
advance to select a plurality of representative images from a
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4

series of single images, i.e. the plurality of inputted images
110. During the selection 120, a total difference between two
images (e.g., ak-th image 205 and a p-th image 215 of a GOP
210 shown in the exemplar of FIG. 2) is computed to deter-
mine whether the k-th, (k+1)th, . . ., (p-1)th images are
discarded. When the total difference is less than a threshold,
the k-th, (k+1)th, ..., (p—1)th images are discarded. The total
difference between two images is the sum of the differences
of a plurality of blocks. The plurality of blocks may be, such
as, all the blocks of the image, or blocks within a specific
range. The following uses all the blocks for explanation, but it
is not limited to the present application.

FIG. 2 shows the computation of difference between two
images, in accordance with an embodiment. As shown in FIG.
2, the difference B ;,-is computed as follows:

B UMt M, 2P~ ((V gtV ) 202 (V1 Vo)

wherein M, ;, and V, ; are the mean and variance of'i-th block
of a k-th image respectively, and M, , and V, , are the mean
and variance of i-th block of a p-th image respectively. The
mean and variance are only an exemplar, and other statistic
values may be used, such as, mean absolute difference
(MAD), mean square error (MSE), minimized maximum
error (MME). The k-th image and the p-th image are two
images from a GOP 210, and i, k, p are all positive integers,
k<p. A small total difference between two images means that
the two images have a high similarity. In other words, the p-th
image is similar to the k-th image.

When B;,-is less than a threshold Tb, the i-th block in both
k-th and p-th mages is viewed as indistinguishable. Accord-
ingly, a total difference is obtained by summing all blocks in
the k-th and p-th images. When the total difference is less than
a threshold Tf, the later image is viewed as indistinguishable
from the former image, and thus thek-th, (k+1)th, ..., (p-1)th
images are discarded. According to this scheme, by compar-
ing the temporary images stored in the buffer 130 for simi-
larity and selecting a temporary image set matching a simi-
larity condition (such as, the total difference>threshold Tt in
this exemplar). In other words, the temporary images stored
in the buffer 130 are selected after the selection 120 to form
the temporary image set, which is a remaining image set
obtained by filtering out the highly similar images from the
inputted series of single images (i.e. the plurality of inputted
images 110).

Therefore, the image processing method according to the
exemplary embodiments is an image reconstruction method
based on sparse representation, self-adaptive, and able to
dynamically use the neighboring group of pictures (GOP) as
the input to the learning mechanism of the image feature
dictionary.

FIG. 3 shows an operation flow of constructing an image
dictionary based on the GOP, in accordance with an exem-
plary embodiment. In the operation flow of FIG. 3, for a
plurality of temporary images stored in the buffer 130, at least
one temporary image matching a similarity condition is
decomposed into at least a high frequency image and at least
a low frequency image (step 310) and a statistics of a feature
distribution of the at least a high frequency image is computed
(step 320). Then, one or more feature image blocks of the at
least a high frequency image are used to perform a dictionary
training, thereby obtaining an image dictionary (step 330). In
step 310, a low frequency filter may be used to obtain a low
frequency information of the at least one temporary image.
The ow frequency filter may be, such as, but not limited to, a
mean filter, a Gaussian filter, a bilateral filter, a guided filter,
and so on. After obtaining the low frequency information of
the at least one temporary image (i.e., becoming a low fre-
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quency image), the low frequency image is subtracted from
an original image to obtain the high frequency information.
Accordingly, a temporary image I is decomposed into a high
frequency image 1, and a low frequency image I, -, which
may be expressed as a formula of I=I -+, .

According to an exemplary embodiment, the low fre-
quency filter may use a guided filter to obtain the low fre-
quency information of a temporary image. The guided filter is
a robust edge-preserving filter, able to eliminate noises from
the image and preserve important edge information, as well as
prevent the image from over-blurring. In other words, the
high frequency and the low frequency parts of the image may
be well preserved. According to the exemplary embodiments
of the present disclosure, the high frequency image I, is
used to train a high frequency image dictionary D . The high
frequency image dictionary D may be decomposed into
two sub-dictionaries D, ;and D, 5 according to the geo-
metric features, representing respectively a part with key
features and with non-key features of the high frequency
image. The key features are the features to be used, such as,
gradient features. The non-key features are, such as, blocking
effect features, noise features, and so on. D, ; is called an
image feature dictionary, and D 5 is called a non-image
feature dictionary.

The blocking effect means the obvious pixel change at the
image edge after decoding an image that was compressed by
using a block-based method. Therefore, it may be reasonably
deduced that the image has an obvious gradient change in
vertical and horizontal directions. The common feature
extraction operators are, such as, Daisy descriptor, scale-
invariant feature transform (SIFT) descriptor, gradient loca-
tion-orientation histogram (GLOH) descriptor, and so on. In
step 320, computing the statistics of the feature distribution of
the high frequency image may use a HOG descriptor as fea-
ture description of image patch and perform feature statistics.
When the HOG feature descriptor is used, only the statistics
of'angle histograms in vertical and horizontal directions of the
training image patch are required to be computed.

Accordingly, FIGS. 4A-4C show a schematic view of com-
puting a statistics of image features, in accordance with an
exemplary embodiment. FIG. 4A shows 16 HOG feature
descriptors for a patch of a training image, wherein the train-
ing image is divided into 16 blocks, and each of the 16 HOG
feature descriptors of the training image patch describes the
HOG feature of a block. In FIG. 4B, each HOG feature
descriptor is quantified as 360° and a corresponding maxi-
mum vector is obtained for the HOG feature descriptor. FI1G.
4C is an exemplar showing an angle histogram of the hori-
zontal direction of FIG. 4B. In FIG. 4C, taking horizontal
HOG feature descriptors as an example, an angle change is
+5° for a sampling interval, i.e., the sampling interval is
[355°, 5°] and [175°, 185°]. If an exemplar of the vertical
HOG feature descriptors is taken, the sampling interval is
[85°, 95°T and [265°, 275°].

In step 330, the feature image block of the at least a high
frequency image is used for performing a dictionary training
to obtain a high frequency dictionary D,.. The high fre-
quency image dictionary D, may be decomposed into the
image feature dictionary D,  and the non-image feature
dictionary D 5 When using the aforementioned HOG
descriptors as feature description of the image patch for train-
ing, the non-image feature dictionary D,  may be further
decomposed into a vertical blocking effect sub-dictionary
Dy 5 and a horizontal blocking effect sub-dictionary

Dyp g and this may be expressed as Dyp 5={Dyr 54
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The construction of the high frequency dictionary Dy,
may use, such as, K-means, k-means singular value decom-
position (K-SVD), online dictionary learning, and so on.
According to an exemplary embodiment of the present dis-
closure. an orthogonal matching pursuit (OMP) algorithm is
used to perform sparse coding for recovering an image. FI1G.
5 shows an operation flow of reconstructing an image using
the image dictionary, in accordance with an exemplary
embodiment. Referring to the operation flow in FIG. 5, in
decomposing the high frequency image and the low fre-
quency image (step 510), a temporary image may be decom-
posed into a high frequency image I, and a low frequency
image [, .. In reconstructing the high frequency image (step
520), for image blocks in a high frequency image I, to be
recovered, the OMP algorithm is applied on the image feature
dictionary Dy . of the high frequency image dictionary
Dy, to perform sparse encoding (that is, performing a multi-
plication on the non-zero coefficients of sparse vectors in the
image feature dictionary Dy  and the image feature dic-
tionary D ) to obtain a recovered image block, thereby
obtaining a recovered high frequency image. In other words,
it may perform the sparse encoding on the image feature
dictionary Dy . of the high frequency image dictionary
Dy,~to obtain one or more recovered image blocks in the high
frequency image I, t, thereby obtaining a recovered high
frequency image. In an image combination (step 530), a low
frequency image 1, and a recovered high frequency image
17 are combined, and a reconstructed image is obtained. The
exemplar may be expressed as the following formula:

Reconstructed image=low frequency image I; z+re-
covered high frequency image.

FIG. 6 shows a schematic view of performing a multipli-
cation on an image feature dictionary Dy  and non-zero
coefficients of a sparse vector of the dictionary D,  to
obtain a recovered image block, in accordance with an exem-
plary embodiment. In the exemplar of FIG. 6, a sparse vector
605 only includes two non-zero coefficients 1 (i.e., the third
element and the eighth element). A recovered image block
610 is expressed by the pixel value of each pixel in the image
block. The exemplar of the image feature dictionary D 1is
expressed by the pixel value of each pixel in an image block
620. Therefore, the pixel value of the first pixel in the recov-
ered image block 610 is 25x1+15x1=40, and so on. The pixel
value of the fifth pixel in the recovered image block 610 is
20x1+5x1=25.

According to another exemplary embodiment, during
reconstructing the high frequency image, for image blocks in
the high frequency image I, to be recovered, it may make a
statistics for a specific feature distribution of the high fre-
quency image I, to construct an image dictionary of a spe-
cific attribute targeting the high frequency image dictionary
Dy Then, the image dictionary of the specific attribute
obtained by training is used to perform a recovery on the local
area(s) ofthe high frequency image I, to process and recon-
struct a local area of an original image, such as, a partial
license tag of a car or a human face of a person.

Accordingly, FIG. 7 shows an image processing apparatus,
in accordance with an exemplary embodiment. Referring to
FIG. 7, an image processing apparatus 700 may comprise an
image dictionary construction module 710, an image recov-
ery and reconstruction module 720 and a memory 730. The
apparatus 700 may collaborate with the buffer 130 in the
memory 730. The image dictionary construction module 710
selects at least an image from a plurality of images and stores
the plurality of images into the buffer 130, and determines
whether to perform a learning of an image dictionary accord-
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ing to a storage space of the buffer 130. When the storage
space of the buffer 130 reaches a criterion, for a plurality of
temporary images stored in the buffer 130, at least a tempo-
rary image matching an image similarity condition is decom-
posed into at least a high frequency image and at least a low
frequency image, and a statistic of a features distribution of
the at least a high frequency image is computed to construct
the image dictionary. The image recovery and reconstruction
module 720 performs a recovery on a plurality of high fre-
quency images in a plurality of temporary images stored in
the buffer 130 according to the image dictionary, and com-
bines a plurality of recovered high frequency images, and a
plurality of low frequency images obtained from the plurality
of temporary images, thereby obtaining a plurality of recon-
structed images 146.

In the image processing apparatus 700, the image dictio-
nary construction module 710 and the image recovery and
reconstruction module 720 may be realized by, such as, a
processor or an integrated circuit (IC). The plurality of input-
ted images may be obtained by, such as, a video capture
device 740, capturing a series of single images. The apparatus
700 may use a neighboring GOP as an input to train the image
dictionary. The details of constructing the image dictionary
and the image recovery and reconstruction are described in
earlier exemplary embodiments, and will not be repeated
here.

According to an exemplary embodiment, the image pro-
cessing technique may refer only to picture(s) of GOP as
reference image(s) for dictionary training. In principle, the
memory space used as the buffer for storing temporary
images may be saved and the subsequent image reconstruc-
tion may be accelerated.

Take 100 pictures as a group as an example. According to
the exemplary embodiments of the present disclosure, it only
needs to train 3 image dictionaries for a standard experimen-
tal video (such as, 300 pictures) for reconstructing an entire
image of the standard experimental video. In conditions of
different compression ratios (such as, 32, 64 and 128 kbps),
the PSNR is used as the measurement to evaluate the quality
of a reconstructed video image, and SSIM is used as quality
index for analysis. The quality index SSIM uses the combi-
nation of three different factors, i.e. luminance, contrast and
structure, to measure the similarity of every pair of images.

According to the exemplary embodiments of the present
disclosure, it may also process the reconstruction of a partial
license tag or a human face in a surveillance video in addition
to adjusting the video quality. FIGS. 8 A-8C show schematic
views of processing and reconstructing partial license tag in a
surveillance video, in accordance with an exemplary embodi-
ment. Wherein, FIG. 8A is an original license tag in a surveil-
lance video from a road intersection. FIG. 8B is the low
quality image using x264 compression, and FIG. 8C shows
the recovered and reconstructed image, according to the
exemplary embodiment of the present disclosure.

In summary, a method and apparatus for image processing
is provided, according to the exemplary embodiments of the
present invention. The technique comprises a dynamically
adjusted image dictionary learning mechanism. After obtain-
ing and storing a series of continuous images into a buffer, the
technique determines whether to perform a learning of an
image dictionary, based on the capacity of the buffer. The
temporary images stored in the buffer are used and the differ-
ence among the temporary images is computed. The at least a
temporary image satisfying a difference threshold is decom-
posed into at least a high frequency image and at least a low
frequency image, and a statistics of the feature distribution of
the at least a high frequency image is computed to construct

5

10

15

20

25

30

35

40

45

50

55

60

o

5

8

an image dictionary of a specific attribute. The image dictio-
nary of the specific attribute obtained through training is used
to recover the high frequency images of plurality of tempo-
rary images stored in the buffer, and combines the recovered
high frequency images of the plurality of temporary images
stored in the buffer, and a plurality of low frequency images
obtained from the plurality of temporary images, thereby
obtaining a plurality of reconstructed images.

The aforementioned image processing method may be
realized by instructions in a computer readable medium.
When a computer reads the instructions from the computer
readable medium, the instructions are executed to perform the
said image processing method. The computer readable
medium may be, such as, floppy, hard disk, CD CD-ROM,
CD-RW, ROM, RAM EPROM, EEPROM or flash memory.
The computer may include any suitable processing platform,
device or system, computing platform, and so on.

It will be apparent to those skilled in the art that various
modifications and variations can be made to the disclosed
embodiments. It is intended that the specification and
examples be considered as exemplary only, with a true scope
of'the disclosure being indicated by the following claims and
their equivalents.

What is claimed is:

1. An image processing method, comprising:

selecting at least one image from a plurality of images, and

storing the plurality of images into a buffer, until a stor-
age space of the buffer reaches a criterion; and

when the buffer reaches the criterion, a procedure of video

processing is performed for a plurality of temporary
images in the buffer, which includes constructing an
image dictionary according to the at least one image
selected, and performing an image recovery and recon-
struction procedure for the plurality of temporary
images in the buffer according to the image dictionary,
thereby obtaining a plurality of reconstructed images.

2. The method as claimed in claim 1, wherein during the
selecting, the method computes a similarity between a k-th
image and a p-th image of a group of pictures to determine
whether to discard k-th, (k+1)th, . . ., (p—1)th images, and
when a total difference between the k-th image and the p-th
image is less than a threshold, the k-th, (k+1)th, . .., (p-1)th
images are discarded, p>k.

3. The method as claimed in claim 2, wherein the total
difference is a sum of a difference of each of a plurality of
blocks of the k-th image and the p-th image, and when the
total difference is less than the threshold, the p-th image is
similar to the k-th image.

4. The method as claimed in claim 3, wherein the method
further includes:

comparing the similarity of the plurality of temporary

images stored in the buffer and selecting a temporary
image set matching a similarity condition, the similarity
condition is the total difference is greater than the thresh-
old.

5. The method as claimed in claim 1, wherein the method
uses a neighboring group of pictures as an input to for training
the image dictionary.

6. The method as claimed in claim 1, wherein the storage
space of the buffer has an adjustable size.

7. The method as claimed in claim 1, wherein constructing
the image dictionary further includes:

for the plurality of temporary images stored in the buffer,

decomposing at least a temporary image matching an
image similarity condition into at least a high frequency
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image and at least a low frequency image; computing
statistics of a feature distribution of the at least a high
frequency image; and

using a plurality of feature image blocks of the at least a

high frequency image to perform a dictionary training to
obtain the image dictionary.

8. The method as claimed in claim 1, wherein the image
recovery and reconstruction procedure further includes:

decomposing the plurality of temporary images stored in

the buffer into a plurality of high frequency images and
a plurality of low frequency images, and using at least a
high frequency image to train a high frequency image
dictionary;

performing a sparse encoding on an image feature dictio-

nary of the high frequency image dictionary to obtain
one or more recovered image blocks of the plurality of
high frequency images, thereby obtaining a plurality of
recovered high frequency images; and

combining the plurality of low frequency images and the

plurality of recovered high frequency images, thereby
obtaining the plurality of reconstructed images.

9. The method as claimed in claim 1, wherein the method
further includes:

cleaning up the buffer.

10. The method as claimed in claim 8, wherein the image
feature dictionary is a part of the at least a high frequency
image with a key feature.

11. The method as claimed in claim 7, wherein the feature
distribution is a specific feature distribution and the image
dictionary is an image dictionary of a specific attribute.

12. An image processing apparatus, comprising:

an image dictionary construction module that selects at

least one image from a plurality ofimages, and stores the
plurality of images into a buffer, until a storage space of
the buffer reaches a criterion; for a plurality of tempo-
rary images stored in the buffer, decomposes at least a
temporary image matching an image similarity condi-
tion into at least a high frequency image and at least a
low frequency image; and computes statistics of a fea-
ture distribution of the at least a high frequency image to
construct an image dictionary; and

an image recovery and reconstruction module that per-

forms an image recovery and reconstruction for a plu-
rality of high frequency images of the plurality of tem-
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porary images stored in the buffer according to the
image dictionary, and combines a plurality of recovered
high frequency images, and a plurality of low frequency
images obtained from the plurality of temporary images,
thereby obtaining a plurality of reconstructed images.

13. The apparatus as claimed in claim 12, wherein the
image dictionary construction module and the image recov-
ery and reconstruction module are implemented with a pro-
cessor or an integrated circuit.

14. The apparatus as claimed in claim 12, wherein the
plurality of images are a continuous series of single images
obtained by a video capture device.

15. The apparatus as claimed in claim 12, wherein the
apparatus uses a neighboring group of pictures as an input for
training the image dictionary.

16. The apparatus as claimed in claim 12, wherein the
storage space of the buffer has an adjustable size.

17. The apparatus as claimed in claim 12, wherein the
image dictionary construction module computes a similarity
between a k-th image and a p-th image of a group of pictures
to determine whether to discard k-th, (k+1)th, . .., (p-1)th
images; and when a total difference between the k-th
image and the p-th image is less than a threshold, the k-th,
(k+Drth, .. ., (p-1)th images are discarded, p>k.

18. The apparatus as claimed in claim 17, wherein the total
difference is a sum of a difference of each of a plurality of
blocks of the k-th image and the p-th image; and when the
total difference is less than the threshold, the p-th image is
similar to the k-th image.

19. The apparatus as claimed in claim 12, wherein the
image dictionary construction module uses a plurality of fea-
ture image blocks of the at least a high frequency image to
perform a dictionary training to obtain a high frequency
image dictionary, and the high frequency image dictionary is
decomposed to an image feature dictionary and a non-image
feature dictionary.

20. A non-transitory computer readable medium, compris-
ing a plurality of instructions; wherein the plurality of instruc-
tions execute the image processing method as claimed in
claim 1.



